ADT15T£6 


AD 


REPORT  NO.  2 

PROCESS  MODELING  OF  BIOLOGICAL  WASTE  TREATMENT 
ANNUAL  PROGRESS  REPORT 


D.  M.  Himmelblau 
E.  F.  Gloyna 

OCTOBER  10,  1970 


Supported  by 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  CCMMAND 
Washington,  D.C.  20315 


Contract  No.  DADA  17-69-C-9073 

The  University  of  Texas 
Austin,  Texas  78712 


This  document  has  been  approved  for  public  release  and  sale 
its  distribution  Is  unlimited. 

The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents. 


... _ S.pjoduc.d  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

Springfield,  Ve.  22151 


PROCESS 


MODELING 


OF  BIOLOGICAL  WASTE  TREATMENT 


ANNUAL  PRC;; hl.oS 


REPORT 


D.  IL  Kirrmelblau 
E.  P.  Gloyna 

OCTOBER  10.  1970 


Supported  by 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Washington,  D.C.  20315 


Contract  Me.  DADA  17-69-C-9073 

The  University  of  Texas 
Austin.  Texas  78712 


This  document  has  been  approved  for  public  release  and  sal 
its  distribution  is  unlimited. 

The  findings  in  this  report;  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents . 


^3  4-' 


SUMMARY 


This  report  describes  the  work  undertaken  to  represent  and 
identify  mathematical  models  of  biological  v;aste  treatment  as 
applied  to  a  laboratory  sized  aeration  basin.  Pulse  inputs  of 
radioactive  sodiurr-SU  have  been  used  to  obtain  residence  time 
distribution  curves  (impulse  response  curves)  for  the  basin. 
Various  configurations  of  aerators  indicated  that  even  at  high 
ir  flow  rates  complete  mixing  may  not  take  place.  Individual 
anks  and  tanks  in  series  were  studied  to  evaluate  some  of  the 
limiting  factors  that  exist  with  respect  to  the  use  of  popula¬ 
tion  balance  models  in  representing  aeration  basins. 


FOREWORD 


This  investigation  was  authorized  under  contract  DADA-17-69-C--90 73 
dated  February  1,  1969.-  and  is  associated  with  the  work  of  the 
Center  for  Research  in  Water  Resources  of  The  University  of  Texas. 
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OBJECTIVES  AIO  SCOPE  OP  INVESTIGATION 


Improvement  in  tic  prediction  of  waste  purification  rates 
requires  better  mathematical,  models  of  such  processes  53  well, 
as  belter  data.  The  purpose  of  this  investigation  has  been  to 
study  the  mode  Ling  and  identification  of  aerobic  waste  treatment 
methods,  and  to  apply  population  balance  techniques  or  process 
modeling  tc  laboratory  scale  equipment  in  order  to  aouerlctin 
their  representativeness. 


EXPERIMENTAL  RESULTS 


1 .  Single  Tank 

The  first  four  experiments  were  carried  out  in  a  small 
aeration  tank  to  simulate  an  activated  sludge  process.  The 
first,  three  runs  were  made  without  the  biomass  present,  while 
the  fourth  experiment  was  carried  out  with  the  biomass  present 
to  determine  the  effect  the  biomass  had  on  the  degree  of  mixing. 
Figure  1,  a  typical,  result,  shows  the  corrected  gamma  ray  counts 
per  minute  in  the  tank  effluent  stream  as  a  function  of  time,  (The 
gamma  ray  counts  are  directly  proportional  to  the  respective  tra¬ 
cer  concentrations,  hence  tr.ese  figures  represent  concentration¬ 
time  plots.)  Table  1  summarizes  the  residence  times  and  equi¬ 
valent  number  of  tanks  for  these  four  experiments,  and  provides 
evidence  that  the  performance  of  the  aeration  tank  could,  as 
expected,  be  reasonably  well  determined  using  the  tanks  in 
series  model  based  on  the  assumption  that  the  contents  of  the 
tank  are  at  all  times  completely  mixed.  The  value  for  the  equi¬ 
valent  number  of  tanks  was  calculated  from  the  variance. 

In  the  first  four  experiments  the  equivalent  number  of 
well  mixed  tanks  calculated  from  the  variance  showed  that  the 
small  aeration  tank  was  well  mixed  (except  for  the  .  econd  run). 

In  Run  2  the  high  value  for  the  equivalent  number  of  tanks  can 
be  attributed  to  the  fact  that  the  experiment  was  terminated 
after  only  five  volumetric  residence  tunes.  The  first  experi¬ 
ment  was  truncated  at  approximately  four  times  the  mean  resi¬ 
dence  time  of  2,035  hours,  resulting  in  an  apparent  mean  resi¬ 
dence  time  of  l.go  hours,  an  error  of  about  five  percent.  When 
simulation  was  used  to  extend  the  experiment  ta  nine  residence 
times  by  assuming  a  linear  drop  in  concentration,  the  average 
residence  time  was  found  tc  be  2.036  hours.  The  equivalent  num¬ 
ber'  of  well  mixed  tanks  corresponding  to  the  cat  off  of  four 
residence  times  was  1.31,  vhereas  for  nine  residence  times  the 
value  was  1.032,  an  error  of  21$.  Thus,  the  estimation  of  the 
equivalent  number  of  well  mixed  tanks  from  the  variance  is  more 
sensitive  tc  the  length  o!  the  data  record  than  is  the  deter¬ 
mination  of  the  mean  resilence  time,  an  observation  made  by 
others.  'Thus,  in  order  to  use  the  variance  as  an  accurate 


i 

< 


TABLE  1 
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neap ure  of  the  equivalent  number  of  tanks  in  a  well  nixed  sys¬ 
tem.  the  experiment  must  be  carried  out  for  several  times  the 
volumetric  residence  time. 

Figure  2  plots  dimensionless  concentration  versus 
dimensionless  time  (C(9)  versus  0)  for  the  first  four  experi¬ 
ments.  and  indicates  that  the  runs  approximate  the  curve  for 
one  well  mixed  tank  at  all  levels  of  air  and  liquid  rates 
studied.  Since  experiment  ^  (containing  the  biomass)  also 
falls  on  the  curve,  it  was  concluded  that  the  presence  of  a 
biological  culture  did  nor  affect  the  degree  of  mixing. 


2.  Experiments  Simulating  an  Elongated  Aeration  Tank 

A  large  aeration  tank  was  utilized  to  carry  cut  two 
experiments  simulating  one  elongated  aeration  tank  with  a 
length  to  width  to  depth  ratio  of  6:2:1.  Figure  3  shows  the 
output  curves  for  a  typical  run.  Table  1  summarizes  the  re¬ 
sults  of  the  calculations  for  the  large  aeration  tank  for  runs  5 
and  6.  The  two  runs  were  replicates  carried  out  at  the  same 
volumetric  residence  time  without  any  aeration  to  determine 
the  degree  of  mixing  that  existed  in  the  system  when  no  air 
was  used.  It  was  noted  that  there  was  a  significant  deviation 
In  the  equivalent  number  of  tanks  and  in  the  mean  residence 
times  between  the  two  runs.  It  was  also  noted  that  the  peak 
for  run  5  occurred  at  the  second  hour  while  the  peak  for  the 
next  experiment  did.  not  occur  until  the  eighth  hour.  One 
possible  reason  for  the  differences  in  the  number  of  tanks  and 
the  mean  residence  times  for  these  two  runs  is  that  the  tracer 
for  experiment  5  was  injected  with  a  syringe  just  below  the 
water  level  at  the  liquid  inlet,  while  the  tracer  for  run  6 
was  poured  near  the  liquid  inlet  from  a  beaker.  Since  the 
latter  method  of  pouring  from  a  beaker  would  not  disrupt  the 
mixing  patterns  in  the  system  at  much  as  a  pulse  injection 
from  a  syringe,  the  pouring  method  was  used  for  the  remaining 
runs. 


Figure  3  indicates  chat  the  experimental  data  did 
not  fit  the  theoretical  curve  for  the  well  mixed  tanks  in 
series  model.  Since  the  data  does  not  approximate  the  curve, 
it  was  concluded  that  the  elongated  tank  did  not  approach  a 
well  mixed  system  when  there  was  no  agitation  in  the  aeration 
tank. 


3.  Experiments  Simulating  Tanks  in  Series 

Six  experiments  were  carried  out  in  the  large  aeration 
tank  with  configurations  arranged  so  as  to  simulate  one,  two 
and  three  tanks  In  series.  Table  1  summarizes  the  results  ob¬ 
tained,  Experiment  1.1  was  carried  out  in  the  presence  of  a 
biological  culture  to  reaffirm  the  conclusion  reached  using 


the  small  aeration  tank  that  the  biomass  does  not  affect  the 
degree  of  mixing  in  the  basin. 


Figures  4  arid  3  illustrate  typical  experimental  data, 
that  for  Run  8.  Figure  4  shows  that  the  theoretical  curve  for 
0.976  tanks  fit  the  experimental  data  quite  well.  Figure  3 
reveals  that  the  theoretical  curves  for  1.203  2nd  2.124  tanks 
in  series  fit  the  experimental  data  for  the  second  and  third 
tank  c-xcept  at  the  peak  of  the  concentration  curves.  It  was 
concluded  that  when  the  system  was  well  mixed,  the  calculation 
of  the  equivalent  number  of  well  mixed  tanks  could  be  computed 
reasonably  well  from  the  variance. 

Figure  6  shows  a  dimensionless  plot  of  concentration 
as  a  function  of  time  for  the  second  tank  in  the  series  for 
experiments  9,  10,  and  12.  The  figure  reveals  that  the  second 
tank  for  Run  9  more  closely  approached  one  well  mixed  tank, 
while  the  data  after  the  second  tank  for  runs  10  and  12  approxi¬ 
mate  two  well  mixed  tanks  in  series. 


4.  Calculations  from  the  Peak  of  the  C(6)  Curve 

Murphy  and  Fimpany  and  others  have  suggested  an  alter¬ 
native  method  for  aeration  tank  design  and  analysis,  namely 
using  the  peak  of  the  c(0)  curve  to  estimate  the  dispersion 
coefficient  and  the  number  of  tanks  in  series.  The  values 
obtained  utilizing  the  peak  of  the  C(0)  curve  did  not  agree 
at  all  with  the  correct  mean  residence  times  or  the  dispersion 
coefficients  computed  from  the  tanks  in  series  model.  It  was 
concluded  that  the  use  of  the  peak  of  the  C(6)  curve  to  calcu¬ 
late  the  dispersion  coefficient,  mean  residence  time,  and  equi¬ 
valent  number  of  well  mixed  tanks  was  not  satisfactory. 


3.  Conclusions 

Faring  the  course  of  this  investigation  the  following 
conclusions  ’were  reached; 

1.  Since  the  presence  of  a  biological  culture  does 
not  affect  the  degree  of  mixing  in  the  system, 
experiments  may  be  undertaken  in  existing  aero¬ 
bic  waste  treatment  installations. 

2.  Na24  may  be  used  in  an  aerobic  waste  treatment 
system  as  a  tracer  to  estimate  the  empirical 
parameters  in  the  model  employed  because  Na24 
does  not  influence  the  physical  parameters  of 
the  fluid,  does  not  undergo  a  chemical  reaction, 
and  is  detectable  in  low  concentrations. 

3.  IJ'  the  system  is  well  mixed,  the  experimental 
runs  are  reproducible. 


> 
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4.  Calculation  of  the  mean  residence  time,  dispersion 
coefficient,  and  equivalent  number  of  tanks  can¬ 
not  be  made  from  the  peak  of  the  0(0)  curve, 

5.  If  the  experiment  is  carried  out  to  at  least  six 
times  the  volumetric  residence  time,  the  variance 
may  be  used  as  an  accurate  approximation  of  the 
equivalent  number  of  well  mixed  tanks. 


6.  Plans  for  Future  Work 

Now  that  the  mixing  characteristics  of  the  laboratory 
aeration  basin  have  'beer,  determined,  the  next  step  is  to  deter- 
mind  the  kinetics  of  well  mixed  processes  with  the  biomass 
present.  Depending  upon  the  characteristics  of  the  kinetic 
models,  it  should  be  possible  to  develop  analytical  and/or 
numerical  methods  to  make  predictions  for  degree  of  conversion 
of  waste  influent. 
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FIGURE  y 
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